THE SALT referred to in the title is common table salt, sodium chloride, a substance found in all life and necessary for its existence. It is a substance also capable of lethal toxicity, a fact often overlooked because of its very ubiquity and apparent innocence. Those who have used salt to melt ice on a sidewalk know what it can do to bordering grass and shrubs; veterinarians have described an encephalopathy in piglets who have overdone their stint at the salt lick; ~ 4 finally the tragic substitution of salt for sugar in a hospital formula room during 1962 1 dramatized the dangers to human infants. This discussion will review first the physical and physiologic features of sodium chloride metabolism which provide the basis for understanding why poisoning may occur and how homeostatic mechanisms may be overwhelmed with resultant damage. A brief survey of the clinical situations where salt poisonings appear and description of the damage done will precede attention to establishing firm means of prevention.
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A look at some of the physical characteristics of sodium chloride makes it clear why errors arise. The close surface resemblance of granulated salt to granulated sucrose can lead to the careless substitution of one for the other in homes and institutions. Pediatricians and infant nutritionists who measure water and sugar in household volumes often fail to realize that, volume for volume, salt has greater weight. The density of crystallinẽ T~x~l is 2.165, more than double that of water and appreciably more than that of sucrose. The granulated form of salt is admixed with air so that the standard measuring tablespoonful holds 22.5 Gm. or about 1.5 times a similar volume of water. Household spoons often hold more, and this excess can be magnified further by failure to level the measure. Stated another way, a level tablespoonful of table salt contains more sodium and chloride ions (about 350 mEq.) than does a 5 Kg. baby. A tablespoonful dose for a neonate is, on a weight basis, equivalent to about a pound for an adult. ' The physiologic importance of sodium chloride is in large part related to the obligatory position of the bulk of these ions in the extracellular space, the &dquo;Millieu Interieur&dquo; of Claude Bernard. This sea within us acts as a transport medium for all metabolites, respiratory gases and cellular wastes. It has sodium and chloride ions for its chemical &dquo;skeleton,&dquo; and these together account for over 80 per cent of the solute expressed as milliosmols. In contrast, there is very little sodium and, except for a few tissues, no chloride within the cellular fluid, in spite of the fact that cell membranes are freely permeable to sodium. The best explanation for this peculiar state of affairs, and in accord with the evidence thus far available, is that body cells extrude sodium ions actively whenever they enter. This &dquo;sodium pump,&dquo; supplied by energy extruding sodium, paired with chloride by the demands of electroneutrality, and binding water by the demands of osmolar equilibrium, helps to maintain the volume of interstitial fluid between the cells and the plasma. Should a significant change in the total quantity of sodium and chloride within the body occur, their obligatory extracellular position will necessitate a redistribution of the fraction of total water located in each body compartment. This is true whether or not the total quantity of water is decreased (dehydration), increased (edema), or remains unchanged. The toxicity of sodium chloride, so far as is known, is entirely owing to these characteristics.
Under physiologic conditions, sodium metabolism is controlled principally by the kidney and by the adrenal cortex hormones which act upon the kidney and possibly upon other tissues. Thesecretion of antidiuretic hormone by the posterior pituitary influences renal excretion of water and thus to some extent electrolytes as well. It remains unsettled whether or not the brain has centers which affect directly the renal control of sodium. A very delicate homeostatic mechanism for sodium concentration control does reside in the brain though: thirst, which to be satisfied requires conscious action. Many more mechanisms seem to exist for conservation of sodium than for excretion of a large excess.
From a teleologic point of view this
is no surprise.
The most severe examples of salt poisoning have come from accidental substitution of salt for sucrose, but there have been and continue to occur many instances of salt overdosage of an iatrogenic nature. Some of these are direct and others are more subtle or even cryptic. An example of a direct instance is the prescription of salt-sugar-water mixtures for infants with diarrhea in which sometimes as much as two tablespoons of salt per quart of water have been recommended. Probably the maximum amount to prescribe should be one-fourth teaspoon per quart; yet even this recommendation may be misunderstood, misinterpreted or disregarded by the maternal &dquo;therapist.&dquo; Accidents such as this are best avoided by not advising this sort of mixture at all. Even when sensible electrolyte mixtures are prescribed and when the instructions for dilution are followed properly, trou-&dquo; ble may still ensue if no limit is placed on the quantity of the solution to be given. Hypernatremic babies, not yet seriously ill, are thirsty babies; they will drink salted solutions avidly to their detriment. Even dilute solutions (Na concentration equal 40-50 mEq./L.) can lead to hypernatremia if the stool water output is very dilute for sodium and sufficiently copious. In our experience this phenomenon has occurred more often among children of physicians than in any other group.
A more subtle way of poisoning with salt is the prescription of skimmed milk (cow's milk contains considerable natural sodium and chloride) for infants with diarrheal disease.
The virtue of this therapy, if it can be called that, comes solely from the reduction in calories; fat seemingly is benign per se even if not digested. When infants are allowed to take a skim milk intake to satiety, the sodium load per calorie is very high. A sick infant is least able to cope with this because he has increased water losses by various routes and often has temporary impairment of renal concentrating ability. The high percentage of calories as protein compounds the insult further, since the excess production of urea will compete for a place under the renal osmotic ceiling. Parenteral fluid therapy may be as injudicious as oral therapy and with more rapidly disastrous results.
Hypernatremia without excess salt ingestion or retention is perhaps not properly called &dquo;salt poisoning.&dquo; Nonetheless, as previously noted, the physiologic defect is much the same. An obvious example of relative water deficit is encountered in diabetes insipidus of either the pituitary or nephrogenic type. Already alluded to are those patients who do not respond to thirst either because of helplessness (normal small infant) or because of disturbance of consciousness as in head in-juries, central nervous system disease, and psychoses. Another group of diseases may predispose to hypernatremia as current modes of therapy in some clinics call for the administration of large amounts of sodium salts. Examples are salicylate poisoning treated by vigorous sodium bicarbonate administration, and diabetic coma treated without administration of glucose. It should be pointed out also that repeated infusions of hypertonic urea solutions may also lead to hypernatremia because of a solute-other-than-sodium diuresis. Finally certain symptoms in themselves lead toward a hypernatremic state. These are persistent fever (especially high grade) and hyperventilation.
The clinical signs of hypernatremia have been repeatedly stressed 2, ' but one sign of salt poisoning has only been mentioned in passing, namely, tachypnea and even dyspnea to the point where such infants are often thought to have respiratory disease. The actual damage done by the temporary redistribution of body water is predominantly to the brain. The severely salt poisoned infant has frequently had a very poor prognosis in so far as development is concerned. How much of this is caused by cerebral hemorrhage is not clear. The infants who have died of salt poisoning have all shown extensive hemorrhagic phenomena in the brain., The kidney tubules are also damaged in salt poisoning.
Here, however, the process seems reversible; at least survivors have no detectable sequelae.
A number of suggestions for prevention of salt poisoning and iatrogenic hypernatremia come from the foregoing discussion: 1. Sugar used in formula rooms should be dispensed from original packages. 2. When electrolyte mixtures are prescribed for diarrheal disease they should be pack~.. aged in such a way that a single sealed unit is dissolved in a standard volume of water to give the desired concentrations.
In addition parents are warned to give only the quantity prescribed in 24 hours and that plain sugar water should be given to satisfy any additional thirst. 3. The use of skim milk feedings is to be avoided altogether. Calories can be cut by diluting the regular feedings with water and limiting the total to be ingested. 4. All fluid therapy can be planned to protect against salt excess, including treatment of such conditions as diabetes and salicylism.
